Biochemical profiles and proximate analysis of three species of fairy shrimps from Thailand, Streptocephalus sirindhornae, S. siamensis, and Branchinella thailandensis are characterized and compared. The nutritional analysis reveals that all three species contain high protein levels, particularly essential amino acids that are needed for growth and reproduction. Streptocephalus sirindhornae contains significantly higher crude protein (74.41%) than B. thailandensis (64.65%) and S. siamensis (50.24%). The highest percent of crude lipid (9.34%) and carbohydrate (32.69%) contents are found in S. siamensis. The highest amino acid content is recorded in S. sirindhornae (784.92 mg g −1 dw) followed by that of B. thailandensis (596.12 mg g −1 dw) and S. siamensis (439.58 mg g −1 dw). Predominant amino acids found in all three species are lysine, phenylalanine, leucine, tyrosine, and glutamic acid. For fatty acids, palmitic acid C16:0, oleic acid C18:1n9, stearic acid C18:0, linolenic acid C18:3n3, and linoleic acid C18:2n6 are found to be major components. Branchinella thailandensis has the highest carotenoid content of 254.41 μg g −1 , followed by S. siamensis (211.92 μg g −1 ) and S. sirindhornae (128.93 μg g −1 ). Carotenoid content analysis show the presence of dominant groups consisting of β-carotene, canthaxanthin, astaxanthin, and lutein. The presence of essential fatty acids, amino acids, and carotenoids is the principal factor that determines the food value of Thai fairy shrimps for aquaculture application. These biochemical attributes make these Thai fairy shrimps ideal as feed for aquaculture.
INTRODUCTION
The demand for suitable feed for the cultivation of aquatic animals has become increasingly important in aquacultural practice (Prasath et al., 1994) . Generally, live feed is preferred for both marine and freshwater hatcheries because it is readily ingested, easily digested, and does not affect water quality . Common live feeds used in commercial aquaculture are limited mainly to rotifers (Hagiwara et al., 2007) and the branchiopod Artemia sp. (Meade and Bulkowski-Cummings, 1987) . It is, therefore, of interest to explore and develop new resources for aquaculture Munuswamy et al., 1997) . Efforts have been focusing on the identification of alternative live feeds. Suitable body size, short life span, rapid development and early reproduction are important characteristics of the candidate species. All fairy shrimp morphology generally resemble the brine shrimp Artemia and are similar in size (Meade and Bulkowski-Cummings, 1987) . Recently, Thai fairy shrimp have been considered as a new type of live food in aquaculture (Sriputhorn and Sanoamuang, 2011) . For the new alternative live foods, special attention was paid to their nutritional characteristics.
As for nutrition, the main basic research is focused on providing highly nutritive feeds for aquatic animals. Many authors have reported that fairy shrimp contain high levels * Corresponding author; la_orsri@kku.ac.th of carotenoids (Murugan et al., 1995; Velu et al., 2003; Velu and Munuswamy, 2007) , which enhance body coloration, increase reproductive performance, immunity, and larval survival for aquatic animals (Nelis et al., 1988; Castillo and Negre-Sadargues, 1995; Linan-Cabello et al., 2002) . Furthermore, enriched essential fatty acids (Mura et al., 1997a) and amino acids (Velu and Munuswamy, 2003) from fairy shrimp have been proven to be useful for stimulating growth and larval development of aquatic invertebrates and fish Munuswamy, 2007, 2008) . Fairy shrimp are of growing interest for various types of applications. For example, their inherent ability to produce dormant embryos with long-term viability makes these organisms attractive for various purposes. Decapsulated eggs, nauplii, and adults of fairy shrimp have recently been used as food for culturing fish, shrimp, and prawns Munuswamy, 2003, 2008; Namin et al., 2007; Sriputhorn and Sanoamuang, 2011) . Alternatively, they can provide a frozen product or other forms of formulated feeds for later use like Artemia sp. (Velu and Munuswamy, 2007) . In addition, local people in the northeastern part of Thailand have cooked and consumed fairy shrimp as food for a long time (Sanoamuang and Dumont, 2000) .
Three species of fairy shrimps, Branchinella thailandensis Murugan, 2002, Strep-tocephalus sirindhornae Sanoamuang, Murugan, Weekers, and Dumont, 2000; Branchinella thailandensis Sanoamuang, Saengphan, and Murugan, 2002, Streptocephalus sirindhornae Sanoamuang, Murugan, Weekers, and Dumont, 2000 , and Streptocephalus siamensis Sanoamuang and Saengphan, 2006 have been found in Thailand since 2000 (Sanoamuang et al., 2000 Sanoamuang and Saengphan, 2006) . Since they were discovered, these fairy shrimps have been continuously studied in terms of their life history (Boonmak et al., 2007; Dararat et al., 2011) , the method of optimal egg hatching (Saengphan et al., 2005) , mass culture , and black disease (Saejung et al., 2011) . Attempts have been made to culture these new species in order to use them as a new live food source for freshwater aquatic animals such as prawns, shrimp, and ornamental fish (Saengphan et al., 2005; Sanoamuang et al., 2006; Boonmak et al., 2007; Plodsomboon and Sanoamuang, 2007; Sriputhorn and Sanoamuang, 2007; Saengphan and Sanoamuang, 2009) . Recent culture experiments demonstrated that B. thailandensis can be cultured in cement ponds at densities of 50 individuals l −1 . Similarly, S. sirindhornae can successfully be cultured in earthen ponds for mass production at a density of 1250 individuals m −2 . Thus, these fairy shrimp could be used potentially as live foods for commercial purposes in aquaculture.
Although the biochemical and nutritional composition of some species of fairy shrimps have been previously investigated, similar information is not available for Thai fairy shrimp. In this study, we determined proximate and biochemical composition (amino acid, fatty acid, and carotenoid content) of S. sirindhornae, S. siamensis, and B. thailandensis to assess their potential as live feed for aquatic invertebrates and fish in aquaculture.
MATERIALS AND METHODS
Collection of Animals Eggs of S. sirindhornae, S. siamensis, and B. thailandensis were obtained from the Applied Taxonomic Research Center, Khon Kaen University, Thailand. Nauplii of each species were hatched and cultured in plastic containers with a capacity of 50 L containing 30 L dechlorinated tap water (3 replicates). Fairy shrimp were fed with Chlorella sp. at a concentration of 1 × 10 6 cells mL −1 twice per day. Chlorella sp. was grown according to the method described by Saengphan et al. (2005) . All cultures were conducted under static room conditions at water temperatures between 24-26
• C (the temperature in Thailand during the rainy season when fairy shrimp usually occur). Adult fairy shrimp (14 days old) were collected, cleaned and then stored in a freezer at −70
• C (Harris Manufacturing Co. model number SLT-21V-85V14 made in USA) for biochemical analysis.
Proximate Analysis Crude protein, crude lipid, moisture, fiber, and ash of the fairy shrimp were determined according to the Association of Official Analytical Chemists (AOAC) methods (AOAC, 1995) . Moisture was determined by oven drying at 105
• C until constant weight. Crude protein (N × 6.25) was determined by the Kjeldahl method after acid digestion using a Kjeldahl System. Crude lipid was determined by the etherextraction method using a Soxhlet extractor. Ash content was determined by muffle furnace at 550
• C for 5 h. Sulfuric acid solution was added into the sample to determine crude fiber. The sample was heated for about 30 min and then filtered using a vacuum filter. After that 1.25% NaOH solution was added into the acid extracted. The sample was heated again for 30 min and was filtered using a vacuum filter and washed with water. All of the material was transferred into a crucible and dried for 12 h at 120
• C. After that the crucible was placed into a muffle oven at 550
• C for 12 h and the weight of crucible was recorded. The content of carbohydrate was estimated by subtraction of the percentage of protein, lipid, ash and fiber.
Amino Acid Analysis Performic acid oxidation was undertaken prior to hydrolysis to oxidize cystine and methionine. Sodium metabisulfite was added to decompose performic acid before hydrolysis. Amino acids were liberated from protein by hydrolysis with 6M hydrochloric acid containing 1% phenol at 110
• C for 24 h (AOAC, 2000 method 994.12). L-Norleucine was added as an internal standard. Hydrolysated solution was filtered through a sintered glass filter and then the filtrate was evaporated to 5 mL under a vacuum at 40
• C using a rotary evaporator. Sodium citrate buffer was added to the evaporated test solution to adjust the pH to 2.2 with 2M NaOH. Amino acids were determined using GC-MS (GC: Agilent technologies model 6890N made in Germany and MS: Agilent technologies model 5973 made in USA) equipped with a Phenomenex Zebron ZB-AAA (10 m × 0.25 mm) column. Helium was used as a carrier gas at a flow of 1.1 mL min −1 . Since tryptophan is destroyed by acid hydrolysis, alkaline hydrolysis of the protein sample was conducted for analysis of tryptophan (according to AOAC, 2000 official method 988.15). Protein from samples was hydrolysed for 22 h using 4.4M NaOH at 100
• C for the determination of the tryptophan content.
Fatty Acid Analysis Total lipids were extracted from adult fairy shrimp by hydrolytic methods following the 996.06 official method AOAC (2000) . Fatty acid methyl esters (FAMEs) were prepared from the isolated lipids by heating with methanolic NaOH first and then with BF 3 methanol for esterification. FAMEs were quantitatively measured by gas chromatography (Agilent technologies model 6890N made in Germany) equipped with a capillary column (100 m × 0.25 mm ID, 0.20 μm film, fused silica capillary, SP-2560) using helium as a carrier gas. Injection was performed by the split method at 260
• C. FAMEs were separated with the following oven program: 1) 140
• C for 5 min; and 2) increase at a rate of 4 • C min −1 up to 240
• C. The fatty acids were identified with reference to the retention time and gas-chromatography (GC) library.
Carotenoid Content Analysis Carotenoids were liberated from the adult fairy shrimp, B. thailandensis, S. sirindhornae, and S. siamensis by homogenization and suspension in 10 mL of acetone according to the methods described by Rodriguez-Amaya and Kimura 2004) . Individual pigment analyses were performed using a reverse phase high performance liquid chromatography system (Shimazdu LC 9A) equipped with a Phenomenex C18 column (250 mm × 4.6 mm). Eluents were acetonitrile, dichloromethane, methanol; flow rate, 1.0 mL min −1 ; detection 450 nm. The extracted carotenoids alone were identified from retention time obtained using a carotenoid standard.
Data Analysis
Non-normally distributed data was log transformed prior to statistical analysis. The variance of the data is given as standard deviation (S.D.) of the mean of three replicates. Data was analyzed by one-way analysis of variance (ANOVA). Significant differences (P < 0.05) were discovered by Duncan's multiple range tests. All statistical tests were performed using SPSS program for Windows, version 13 (SPSS Inc.) with values of P < 0.05 considered statistically significant.
RESULTS
Comparisons of the proximate compositions of the Thai fairy shrimp are given in Table 1 . Streptocephalus sirindhornae contained significantly higher crude protein (74.41%) than B. thailandensis (64.65%) and S. siamensis (50.24%) (P < 0.05). Branchinella thailandensis showed significantly higher fiber and ash contents than S. sirindhornae and S. siamensis (P < 0.05). The highest percent of crude lipid (9.34%) and carbohydrate (32.69%) contents were recorded in S. siamensis.
The amino acid profiles are presented in Table 2 . The highest amino acid content was recorded in S. sirindhornae (784.92 mg g −1 dw) followed by that of B. thailandensis (596.12 mg g −1 dw) and S. siamensis (439.58 mg g −1 dw) (P < 0.05). The most abundant amino acids in the studied fairy shrimps were lysine, phenylalanine, leucine, glutamic acid, and tyrosine. These amino acids constituted about 60% of the total amino acids. Hydroxylysine was deficient in all three species. In addition, all three species of fairy shrimps contained all 10 essential amino acids (EAA) with high levels of lysine, phenylalanine, and leucine. EAA contents in B. thailandensis, S. siamensis, and S. sirindhornae were 65.64, 65.55 and 63.76%, respectively. The EAA contents of each species calculated as the ratio of individual EAA and the total amino acid contents are shown in Table 3 .
Data on fatty acid profiles are given in Table 4 . The fatty acid contents in B. thailandensis, S. siamensis and S. sirindhornae were 7.46, 5.89 and 4.75 mg g −1 dw, respectively. In this study, the major fatty acids found in the three species were palmitic acid (C16:0), oleic acid (C18:1n9), stearic acid (C18:0), linolenic acid (C18:3n3), and linoleic acid (C18:2n6). The average values of fatty acids in the samples are illustrated in term of saturated, unsaturated, polyunsaturated fatty acids (PUFA), omega 3 (n3), omega 6 (n6), and eicosapentaenoic acid (EPA) + docosahexaenoic acid (DHA) as shown in Table 4 . Oleic acid (C18:1n9) was the predominant type of unsaturated fatty acid found in all three species.
The fatty acid profiles of S. sirindhornae had higher levels of n3, n6, PUFA and EPA + DHA than those of other species (Table 4) . Streptocephalus sirindhornae was comprised of n3 (21.84%), n6 (22.50%), PUFA (44.34%), and EPA + DHA (9.22%); B. thailandensis contained n3 (3.03%), n6 (8.13%), PUFA (11.16%), and EPA + DHA (0.1%); and S. siamensis had n3 (1.54%), n6 (3.93%), PUFA (5.47%), and EPA + DHA (0.76%).
Carotenoid content analysis (Table 5 ) demonstrated that B. thailandensis had the highest carotenoid contents of 254.41 μg g −1 compared with 211.92 μg g −1 of S. siamensis and 128.93 μg g −1 of S. sirindhornae (P < 0.05). Analysis of individual carotenoids showed that all fairy shrimps contained four types of carotenoids: β-carotene, canthaxanthin, astaxanthin, and lutein. Predominant carotenoids in B. thailandensis were astaxanthin (65.08%) and canthaxanthin (17.69%), while the major carotenoid in S. sirindhornae and S. siamensis was β-carotene.
DISCUSSION
Proteins are required for improving the effectiveness of growth and reproduction of animals (De Silva and Anderson, 1995) . Our proximate analysis illustrated that the three Thai species contained more than 50% crude protein, close to that of Artemia sp. (56.25%) (Anh et al., 2009 ). Compared to other fairy shrimp species, S. sirindhornae had a rather high protein level of 74.41%.
About 10 essential amino acids (EAAs) cannot be synthesized by animals and must be obtained from the diet. EAAs play an important role in weight gain and growth performance in the consumers (De Silva and Anderson, 1995) . All of these fairy shrimps that we studied contained all 10 EAAs Table 2 . Quantitative (mg g −1 dry weight) and qualitative (percentage of total amino acids) amino acid composition of Streptocephalus sirindhornae, S. siamensis, and Branchinella thailandensis (n = 3, P < 0.05), in comparison with Artemia salina ( 3 data from Velu and Munuswamy, 2003 providing more than 60% of the total amino acids, which are greater than the amounts of EAAs found in Artemia salina (Linnaeus, 1758 ) (31.1%) (Velu and Munuswamy, 2003) . This corresponds with studies by Velu and Munuswamy (2008) that reported that Streptocephalus dichotomus Baird, 1860 contained high levels of EAAs. Lipids are an important energy source for the development of animals (De Silva and Anderson, 1995) . These three Thai fairy shrimps had lipid contents ranging from 6-10%, similar to those of other commercial live feeds, such as the brine shrimp Artemia sp. (9-13%) (Anh et al., 2009 ) and the cladoceran Moina micrura Kurz, 1874 (10.23%) (Das et al., 2007) . Fatty acids are one of the most essential types of lipids that are effectively utilized in morphological changes in the larval development (De Silva and Anderson, 1995) . Previous studies on fatty acid profiles by Mura et al. (1997a, b) revealed that Branchipus pasai Cottarelli, 1969 and Chirocephalus kerkyrensis Pesta, 1936 contained high levels of palmitic acid (C16:0), which is also the predominant fatty acid found in Artemia sp. (Maldonado-Montiel and Table 4 . Fatty acid composition of Streptocephalus sirindhornae, S. siamensis, and Branchinella thailandensis (expressed as mg g −1 dry weight) (n = 3, P < 0.05), in comparison with Artemia sp. ( 4 data from Maldonado-Montiel and Rodríguez-Canché, 2005 Rodríguez-Canché, 2005) . The present study also confirms the abundance of palmitic acid in the fairy shrimp studied here. Such fatty acids are essential as precursors of saturated and unsaturated fatty acids (De Silva and Anderson, 1995) .
Various studies have indicated that fairy shrimps are rich in PUFAs (polyunsaturated fatty acids), which are essential fatty acids for the enhancement of growth and metabolism, of various animal species (Mura et al., 1999; Cheng and Hardy, 2004; Arulvasu and Munuswamy, 2009 ). In addition, reports have demonstrated that some types of PUFA, i.e., EPA and DHA have a pronounced effect on early growth development and survival rate in fish larvae (Copeman et al., 2002; Bransden et al., 2005; Villalta et al., 2005; Das et al., 2007) . In this study, S. sirindhornae, in particular, contained high levels of essential PUFAs: n3, n6, EPA, and DHA. The amounts of these essential fatty acids are adequate to meet the dietary requirements of aquatic animals.
Generally, the natural pigmentation of aquatic animals results from the ability to accumulate carotenoids, which belong to a group of natural substances that animal cannot synthesize de novo. Carotenoids play an important role in organisms as biological antioxidants, protecting photo and lipid oxidation, as a source of provitamin A, and for the enhancement of immune system function (Nelis et al., 1988; Castillo and Negre-Sadargues, 1995; Linan-Cabello et al., 2002) . Carotenoids have a number of conjugated double bonds so they perform as an antioxidant by quenching singlet oxygen and free radicals (Miki, 1991; Cantrell et al., 2003) . Supplementary feeds that can enhance animal pigmentation need to be investigated. Therefore, the carotenoid contents of Thai fairy shrimp confirm their potential as a source of carotenoid-containing feeds for culturing ornamental species in aquaculture.
This investigation revealed that the three species had quite high levels of carotenoid contents. The carotenoid contents of S. siamensis and B. thailandesis were 211.92 and 254.41 μg g −1 dry weight, which was 7-9 times higher than 29.5 μg g −1 dry weight of M. micrura (Velu et al., 2003) . These amounts were close to the 230.4 μg g −1 dry weight of Artemia parthenogenetica Bowen and Sterling, 1978 (Kumar and Marian, 2006) . In addition, the carotenoid content of S. sirindhornae (128.93 μg g −1 dry weight) was a little higher than that of S. dichotomus (114.3 μg g −1 dry weight) from India (Velu et al., 2003) .
In the present study, the astaxanthin contents of S. sirindhornae (39.04%) and S. siamensis (30.85%) were nearly equivalent to that of S. dichotomus (30.17%) and M. micrura (39.82%) (Velu et al., 2003) , whereas B. thailandensis showed approximately twice as high astaxanthin content (65.08%). On the other hand, Nelis et al. (1988) and Rønnes-tad et al. (1998) , who studied the carotenoid composition of Artemia sp., reported that astaxanthin had not been recorded in Artemia sp.
Astaxanthin is one of the most effective antioxidant carotenoids (Wang et al., 2006) and its antioxidant activity has been shown to be approximately 10 times greater than that of β-carotene, lutein, zeaxanthin, cantaxanthin, and over 100 times greater than that of α-tocopherol (vitamin E). Thus, the name 'super vitamin E' has been proposed for astaxanthin (Miki, 1991) . As a consequence, it has been supplied widely as supplemented feed to increase the value of ornamental fish (Velu et al., 2003) . In addition, Wang et al. (2006) reported that aquatic animals did not store β-carotene but converted most dietary β-carotene into body astaxanthin for storage. Therefore, high astaxanthin levels in B. thailandensis make it an ideal candidate for color enhancement in ornamental fish cultures.
The studied fairy shrimps contain high amounts of essential amino acids and essential fatty acids that are adequate to meet dietary requirements of aquatic animals. Particularly, B. thailandensis contains a high concentration of carotenoids compared to that of other crustaceans. This makes Thai fairy shrimp ideal organisms for enhancing coloration of ornamental species in aquaculture. Our results support the use of fairy shrimp, both adults and nauplii, as live feed in aquaculture. Besides being offered as live feed, they can be frozen, freeze-dried and stored as eggs for later use. To increase their utility and convenient usage, adult fairy shrimp may be transformed into pellets. Base on the biochemical composition, these three species of fairy shrimp have great potential for use as alternative feed in aquaculture as opposed to the traditionally used Artemia sp. These results serve as the basic knowledge to improve aquatic animal diets in the future.
